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Abstract 
The study aims to account emissions from the vehicular sources of Dhaka city, more specifically, for the major 
roads of the city. Transport sector being one of the highest contributors of air emissions in the city makes it 
important to investigate the factors that catalyse the on-road emissions and acts as constraints in attaining 
environmental sustainability. Due to several reasons, on road congestion level is very high in the city that 
reduces the fuel efficiency of the vehicles. The research tends to reflect the fact while accounting the emissions 
with a meso scale bottom-up modelling approach, where the road by road vehicle characteristics are considered. 
The study estimated emissions of criteria pollutants, greenhouse gases and toxic substances by adopting a 
bottom-up technique to cover the major roads of the city in the current state of operation, where the actual 
moving pattern of the vehicles on different city roads were considered. Detailed survey was conducted in the 
Dhaka city roads in the year 2012 to collect diurnal traffic volume, speed profiles and vehicle composition. In 
general, the results suggested that the roads with higher traffic volume coupled with traffic congestion 
contributed at a higher rate to the emission load. The increasing trend of private vehicles along with uncontrolled 
traffic movement keeps the city under the threat of the harmful level of emission if proper management strategy 
is not adopted. As considering the detailed system-data can offer greater proximity to identify the key areas of 
concern, the methodological approach of this research can be adopted by others as well concerned with the on-
road vehicular emissions, and can work towards attaining sustainability by reducing emissions and increasing 
fuel efficiency.      
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1. Introduction 
Dhaka, being the centre for all the business and opportunities, hosts the migrated population from other places of 
the country; every day about 1418 persons are added to the city population contributing to about 6% growth of 
the city’s population each year (BBS 2012). In parallel, thousands of new vehicles, mostly private vehicles, are 
introduced into the city roads to meet public demand for movement (BRTA 2013; STP 2004). As a consequence, 
a huge amount of air pollutants especially Nitrogen oxides (NOx), Carbon monoxide (CO), Particulate matter 
(PM), Green House Gases (GHGs) and toxic substances are emitted from this sector (US EPA 2007; EEA 2009). 
Moreover, the indiscipline in vehicle movement and traffic management issues in the city act as a catalyst for 
creating congestion and retarded vehicle speed (GOB 2001; Rahman 2008; Sultana 2010), which increases the 
travel time of vehicles to reach a destination. The extra travel time burns extra fuel and thus, this study aims to 
conduct an emission inventory of the city considering the road specific vehicle characteristics, speed profile and 
traffic volume through a bottom up modelling approach.  
 
Unlike the macro level approach where the gross transport data of the city is considered, the meso scale bottom-
up modelling approach described in this paper considered the typical characteristics (travel characteristics and 
behaviour in different time period of the day) of every major roads of the city to account the emission load. 
There has been much research conducted focusing on transport emissions of Dhaka city (ADB 2006; Afrin et al. 
2012; Iqbal and Kim Oanh 2011; MoEF 2002; Wadud and Khan 2011), which mainly adopted the macro level 
emission inventory (MLEI) approach. However, the city’s travel behaviour remained unattended within the 
MLEI, which is incorporated in this study. The standard emission factors of different categories of vehicles were 
scaled for the city following the fuel consumption rate of vehicles at different time period of the day in different 
roads. The study emission inventory with the factor-influence relationship thus allows assessing the co-benefits 
of transport system management strategies by accounting increased efficiency and reduced emission load and 
can act as a tool for detailed sustainability assessment of the transport sector.  
 
2. Methods for Conducting Emission Inventory of On-road Transport in the Current Situation of 
Bangladesh 
The emission (all the major constituents that form a vehicular emission profile including criteria pollutants, 
greenhouse gases and toxic substances; CO2, NOx, CO, SO2, PM10, NMVOC, Pb, NH3, N2O, CH4, PAHs, 
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POPs, total dioxin and total furans) inventory for the on-road mobile sources was developed using the standard 
vehicular emission calculation methodology as was adopted by European Environment Agency (EEA) for The 
European Monitoring and Evaluation Programme (EMEP) (EEA 2009) and also stated in the IPCC (1996) and 
elsewhere.   
Emissions, E (gm/day) = ∑ ××××
)(
)(
ievehicletyp
jfueltype
ijkij SFRLEFFPAADT  ---------------------- (eq. 1) 
Where, 
Vehicle Type i = All vehicle types being considered; viz. Passenger cars (PC), Microbus (MB), SUVs, 
three wheelers (3W), Bus, truck/covered van, light duty vehicles (LDVs) and 
motorcycles (MC) according to their technology. 
  Fuel type j  = All fuel types being considered (Petrol, Diesel, LPG) 
  AADT  = Average Annual Daily Traffic 
   FPij  = Fleet Proportion; Proportion of vehicle type i and fuel type j 
EFijk = Base emissions factor for vehicle type i, fuel type j& emission type k (gm/km) 
   SF  = Scale Factor to be applied to adjust emission factor for the study 
area 
   RL  = Length of road being considered (km) 
The bottom-up calculation approach necessitated comprehensive data on the transport system features of Dhaka 
city. Thus, data on traffic volume, speed profile of the vehicles in different time periods of the day, vehicle 
specific fuel types, and air conditioner usage patterns were collected, which are critical factors in vehicular 
emissions.  
 
2.1 Data collection 
In order to obtain the road wise diurnal traffic volume and vehicles’ speed profile of the city roads, an extensive 
field survey was conducted in the Dhaka city of Bangladesh during February 2012 to May 2012. Data was also 
collected from Dhaka Transport Coordination Board (DTCB 2011) for the traffic count of some roads and the 
fuel usage pattern for different vehicles. The field survey didn’t extend to the entire city roads but covered the 
major roads of the city and all of the bus routes. Therefore, this inventory accounts the emission of the major 
road network of the city; not for the whole Dhaka city. However, since the larger portion of travel occurs on 
these roads, they are representative of average daily vehicles’ travel distances. The traffic count sampling sites 
and the surveyed road links for profiling vehicle speed is provided with a map in Figure 1.  
 
 
Figure 1. Sampling locations; Major road networks of Dhaka city indicating the sampling sites for diurnal traffic 
volume (indicating both survey points of this study and DTCB sampling sites) and surveyed roads for speed 
profiling 
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Traffic count 
• A mid-block traffic count survey was conducted at 30 sampling points in the city, which covered 45 
major roads of residential, commercial and mixed zones. During the survey, traffic data was collected 
for 17 hours (from 6 am to 11 pm) at each sampling point, accumulated in every hour; all the survey 
was conducted in the normal working weekdays. 
• Mid-block traffic count data of 20 other city points were obtained from the Dhaka Transport 
Coordination Board (DTCB 2011).  
A/C usage pattern survey 
• Diverse 30 samples (each sample over a 15 minute period) were taken to represent different time of day 
and roads of the city to identify the air conditioner (AC) usage pattern of private vehicles, as these 
vehicles were having AC facilities in the city.  
• A survey to identify the AC usage of the vehicles was carried out through monitoring the windows of 
the vehicles. The closed window of vehicles was considered indicative of the vehicles using AC, as the 
survey was conducted in the summer when ambient temperatures and humidity are very high. 
Speed profile of vehicles 
As the speed of vehicles is an important influencing factor of vehicular emissions (EEA 2009),  
• A GPS speed profile (second by second) survey was conducted for all of the major roads of the city 
while travelling by car; this covered residential areas, commercial areas and mixed zones and all of the 
bus routes of the city. Since, with the normally high levels of congestion, travelling a certain distance by 
car or other modes of transport required a similar time frame, the obtained speed data was assumed to 
be the speed profile of all vehicles of the road segment.  
• The speed profiling survey covered 80 road links representative of peak and off-peak times of the day 
(Figure 1 shows the map of surveyed roads).  
o The road links were pre-assessed to classify the peak and off-peak phases in view of the traffic 
volume and travel times at different spells of the day (for instances, High congested: 0900-
1100; 1300-1430; 1700-1900; Medium congested: 0800-0900; 1100-1300; 1430-1700; 1900-
2100; Low congested: 0600-0800; 2100-0600).  
o The second by second speed profiling survey of each road link was conducted at those pre-
identified peak and off-peak periods, instead of collecting every hour data of each road. 
 
2.2 Emission factor 
The base emission factor is the typical rate of vehicle specific emissions (in grams/km; for different types of 
vehicles using different fuels). The base emission factor for this study was obtained from European Environment 
Agency (EEA) (EEA 2009), which is also used in different studies and modelling techniques (IVE 2010; Mobile 
2003). Bangladesh had its own base emission factors for some pollutants (SOE 2005), which were considered 
first in those pollutants’ emission calculation. The base emission factors were corrected according to the scale 
factors (fuel consumption corrections mainly denoted with FCij in Figure 2) and thus provided the corrected 
emission factors for the study area. The methodological structure to obtain the study area specific scaled 
emission factors is provided in Figure 2. 
Therefore, 
Corrected Emission Factor (gm/km) = Base emission factor (gm/gm) x Scale factor (SF) 
Where, 
Scale factor (SF) = Corrected fuel consumption (g/km) depending on driving behaviour 
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 Is Country 
specific emission 
factor (CEFij) 
available? 
Modified base emission factor 
mBEFij (gm emission/gm of 
fuel consumed) = Base 
emission factor BEFij(gm/km) 
/TFEij 
Corrected emission factor (gm/km) cEFij = 
Fuel consumption rate FCij(g/km) x mBEFij 
Typical avg. fuel efficiency 
from EURO (TFEij) (gm/km) 
Base emission factor from 
EURO (BEFij) (gm/km) 
Country specific Emission Factor 
(CEFij) (gm/km) 
Country avg Fuel efficiency 
(CFEij)(g/km) 
Average vehicle speed in the road of concern 
(Vij) [by survey] 
Determination of country specific avg fuel 
efficiency (CFEij) from EURO curve 
Modified base emission factor mBEFij 
(gm emission/gm of fuel consumed) = 
Country emission factor cEFij(gm/km) 
/CFEij 
YES 
NO 
Note: i = vehicle technology type; j = fuel type 
 
Figure 2. Methodological structure adopted in the study to calculate study area specific scaled emission factor 
 
Scale Factor (SF) calculation (fuel consumption corrections) 
Vehicle speed/fuel consumption correction factor calculation: The European Environment Agency (EEA 
2009) provided generalized relationships of ‘speed’ versus ‘fuel consumption rate’ of different vehicle 
categories (engine technologies and fuel types used by vehicles); hence, the equations were used in this 
study of Dhaka city as well (the relations are provided in Figure 3). 
 
Figure 3. Relationships for calculating vehicle speed dependent fuel consumption rate generated based on the 
equation provided by EEA (2009); note: GPC = Gasoline PC (with the engine capacity in cc), CPC = CNG PC; 
DLDV = Diesel light duty vehicles, DHDV = Diesel heavy duty vehicles, MC = motorcycles 
 
Air conditioner usage/Fuel consumption correction factor calculation: AC usage in vehicles increases the load 
on the engines (VSPac) because of increased power required to driving an additional accessory belt to run the air 
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conditioner compressor, above that needed to drive the vehicles.  So, The VSPac is proportional to fuel 
consumption while other conditions (vehicle speed, technology, fuel) remain the same (IVE 2010; mobile 2003). 
The generalised changed fuel efficiency under AC usage condition was calculated using the equation provided in 
International Vehicle Emission model (IVE 2010) and used in this study for AC usage adjustments to emission 
factors. 
 
2.3 Emission inventory 
The emission inventory was conducted using ‘Road by Road Detailed Emission Inventory (RRDEI)’ approach, 
considering: 
i. Daily traffic count data of the road; 
ii. Second by second vehicle speed profiling for different time periods of the day (km/hr); and 
iii. Length of the road (km). 
 
As vehicle’s speed influences its emissions significantly, this study inventory was developed to use the typical 
variations of the vehicles’ speed on major roads of the city through accounting second by second speed profiling 
for different time period of the day, which enabled to develop the strata of the roads according to the vehicle 
speed. The congestion stopping time, while travelling the road segment, was also identified at the same time. 
Types of vehicles running on those roads were identified through the mid-block traffic count survey. The 
emissions of each strata of a particular road segment was then calculated using the modified emission factor 
corrected according to speed and AC usage of vehicles considering each type of vehicle running on the road. The 
summation of emissions from all the strata thus provided the total emission. The accumulation of different time 
period specific emissions thus provided the total day emissions for the road segment. The methodological 
structure to conduct the emission inventory is provided in Figure 4.    
Daily traffic count for the city’s roads Second by second vehicle speed profile 
Time slot specific vehicle 
population of the roads 
Road specific traffic 
volume time periods 
Time period specific vehicle speed 
profile (sec by sec) 
Length of road 
Time period specific 
emission of a road 
Total day emission of the 
road 
Total day emission inventory of 
the city with actual vehicle speed 
profile 
Field 
survey 
Speed dependent vehicle emission factor 
 
Eq. 1 
 
Figure 4. Methodological structure for conducting Road by Road Detailed Emission Inventory (RRDEI) 
 
3. Results and Discussions 
The average speed of the vehicles exhibits the total time frame of travelling a specified road length, which 
doesn’t evidently show the vehicle speed when running and also the span of time the vehicles remains stagnant 
in the congestions. The rate of fuel consumption or emissions could be different for vehicles (although should be 
in a similar range) if only the average vehicle speed is considered rather than considering its actual moving speed 
and standing time. This study experimented with the approach to consider the typical movement patterns of the 
vehicles, and as a glimpse, Figure 5 shows a graphical representation of a sample road (kakoli-Moahakhali road 
segment) demonstrating a vehicle’s speed profile (second by second vehicle speed) while travelling in peak time.  
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Figure 5. Peak time second by second speed profile of vehicles in Dhaka city (sample data of a road); data 
collected through GPS survey in 2012 (January to May) 
 
As revealed with the speed profiling survey (Figure 5), the vehicle remained stagnant at the congestion points for 
around 73% of its total time to travel the sample road of 1.6 km. In the most cases, the vehicle moving speed was 
below 30 km/h, predominantly between 10 km/h to 20 km/h speed, due to high traffic volume and congestion. 
Analysing the speed profiling of vehicles for different roads, three general categories of the speed profile were 
found dominant in a day for the Dhaka City roads, which demonstrates the behaviour of traffic movement on the 
roads in a day for Dhaka city. The speed profile pattern indicates to the level of extra fuel usage during a trip in 
the city, which is required to be considered when conducting an emission inventory, as was done in this study. 
Vehicle speed profile pattern of the same sample road for a day is shown in Figure 6. 
 
 
 
Figure 6. Vehicle speed profile pattern of the day in a sample road (Kakoli-Mohakhali) of Dhaka city; data 
collected through GPS survey in 2012 (January-May) 
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As stated earlier, the fuel efficiency of vehicles reduces in parallel with its AC usage. In Dhaka city, as per the 
survey, around 80% of the vehicles (private vehicles that have the AC facility) use AC in the summer while, in 
the winter, the usage rate drops to nearly negligible rate to be considered for increased fuel consumption 
calculation. Other than the private vehicles, the limited number of buses that has AC facility was also considered 
while calculating the emissions.  
 
Like the sample road of Figure 5 and Figure 6, the speed profiling was done for all the major roads of the city in 
order to develop the strata of the roads according to the vehicle speed. Figure 7 portrays the road-wise estimated 
emissions from the vehicular sources, considering the actual diurnal speed profile patterns and traffic volume. 
The typical AC usage pattern of the vehicles was also incorporated to calculate the emission, thus the results 
representing the summer emissions of the roads. 
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Figure 7. Road specific emission level (gm/day) of Dhaka city in 2012; the roads in the map are classified 
according to the emission range, actual emissions of the road are not provided 
 
Critically reviewing Figure 7 reveals that, in general the roads featuring congestion, high traffic volume, and a 
higher number of diesel buses and trucks are the high emission generating roads. The roads occupied with 
private vehicles and three wheelers throughout the day, and where buses are very limited, are at the medium 
emission generating roads group. Taking into account the emissions generated at different roads of the city, the 
total emissions of the survey roads (the main road network of the city where majority of the vehicles operate) is 
provided in Figure 8, which shows the presence of noticeable level of greenhouse gases (CO2, CH4 and N2O), 
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criteria pollutants (CO, PM, NOx and SO2), and other toxic and hazardous pollutants (NMVOC, Pb, NH3, PAHs 
and POPs); PM10 is denoted with PM in this study. CO2 is presumably the dominant emission because of the 
combustion; however, other significant emissions include CO, NMVOC, NOx, CH4 and PM, followed by NH3, 
N2O and SO2 and toxics such as POPs and PAHs. The emissions of other toxic pollutants (dioxin and furans) are 
found in trace amounts, which sometimes may have significant health effects even at very low concentrations. 
    
 
Figure 8. On-road vehicular emissions from the major road networks of Dhaka city in 2012 considering actual 
speed profile of vehicles 
 
4. Conclusion 
The study reveals the fact that the emission inventory can act as a diagnostic tool in decision making through 
detecting the level of emission from sources. A bottom-up emission inventory can act further as it considers the 
typical nature of the system in details while estimating, and thus can support in assessing sustainability of the 
road transport system. 
 
The study identified the effect of traffic congestion on the emissions load as it considered the actual speed profile 
of the vehicles; the stagnant time period of vehicles was found responsible for increasing the amount of emission 
in large extent. Reducing the congestion thus can help increase the average speed of vehicles and alongside can 
change the emission scenarios significantly as there is a strong linear relationship between speed and emission 
level of the pollutants. The traffic management strategy to reduce the congestion thus can improve the efficiency 
of the system by reducing travel time, as well as can act to reduce emissions and increase fuel efficiency. The 
sustainability of Dhaka city road transport system can be achieved by adopting appropriate management 
strategies and by assessing the eco-efficiency of the adopted strategies with the meso scale modelling. Further 
studies can concentrate on the factors that affect the vehicles’ speed on the road, and a cause-effect analysis can 
be done to assess different transport system characteristics on its emission efficiency; the relationship can justify 
the significance of different management strategies on the level of emission. Within the limitations of accurate 
available data, the adopted modelling approach in this study can provide a structure to estimate emissions from 
vehicular sources with greater proximity to be able to use for decision making. 
 
References 
ADB. (2006). Country Synthesis Report of Urban Air Quality Management-Bangladesh, Discussion Draft- 
December 2006. Asian Development Bank (ADB) and the Clean Air Initiative for Asian Cities (CAI-Asia) 
Center, Philippines.  
Afrin, T., Ali, M. A., Rahman, S. M., & Wadud, Z. (2012). Development of a Grid Based Emission Inventory 
and a Source Receptor Model for Dhaka City. The US EPA’s International Emission Inventory Conference, 
Floria, USA. Accessed April 4, 2013. http://www.epa.gov/ttnchie1/conference/ei20/session1/tafrin.pdf 
BBS. (2012). Statistical yearbook of Bangladesh 2009. Bangladesh Bureau of Statistics, Ministry of planning, 
Government of the People’s Republic of Bangladesh. 
BRTA. (2013). Registered Vehicles in Dhaka: Statistics. Bangladesh Road Transport Authority official website. 
Accessed May 8. www.brta.gov.bd 
DTCB. (2011). BRT and Corridor Restructuring Implementation Study and Preliminary Design Work for the 
Uttara-Mohakhali-Ramna-SadarGhat Corridor in Dhaka: Interim Report. Dhaka Transport Coordination Board, 
Government of Bangladesh. 
EEA. (2009). EMEP/EEA Air Pollutant Emission Inventory Guidebook. European Environment Agency. 
Accessed September 10, 2011. http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-
Journal of Economics and Sustainable Development                                                                                                                        www.iiste.org 
ISSN 2222-1700 (Paper) ISSN 2222-2855 (Online) 
Vol.5, No.18, 2014 
 
44 
2009 
GoB. (2001). Urban Transport and Environment Improvement Study, Summary of Final Report. Bangladesh 
Road Transport Corporation, Government of People’s Republic of Bangladesh. Accessed June 15, 2011. 
http://cleanairinitiative.org/portal/system/files/articles-36556_BAN_TA3297_Summary_Rpt.pdf 
IPCC. (1996). Revised IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual. 
Intergovernmental Panel on Climate Change. Accessed May 5, 2011. http://www.ipcc-
nggip.iges.or.jp/public/gl/invs6a.html 
Iqbal, A., & Kim Oanh, N. T. (2011). Assessment of Acid Deposition over Dhaka Division Using CAMx-MM5 
Modeling System. Atmospheric Pollution Research, 2(4), 452-462. 
IVE. (2010). User Manual: Version 2.0. International Vehicle Emissions Model, International Sustainability 
System Research Center (ISSRC), California, USA. Accessed June 15, 2011. 
http://www.issrc.org/ive/downloads/manuals/UsersManual.pdf 
MOBILE. (2003). Mobile Source Emission Factor Model: User Guide to MOBILE 6.1 and MOBILE 6.2. US 
Environmental Protection Agency. Accessed June 15, 2011.  
http://nepis.epa.gov/EPA/html/DLwait.htm?url=/Exe/ZyPDF.cgi?Dockey=P1001DSD.PDF 
MoEF. (2002). Initial National Communication Under the United Nations Framework Convention on Climate 
Change (UNFCC). Ministry of Environment and Forest, Government of the People’s Republic of Bangladesh. 
Accessed June 16, 2011. http://unfccc.int/resource/docs/natc/bgdnc1.pdf 
Rahman, M. S. (2008). Future Mass Rapid Transit in Dhaka City: Options, Issues and Realities. Journal of 
Jahangirnagar planning review, 6, 69-81. 
SOE. (2005). Dhaka City State of Environment Report. United Nations Environment Programme (UNEP). 
Accessed May 5, 2011. http://www.rrcap.ait.asia/reports/soe/dhakasoe05.cfm 
STP. (2004). Strategic Transport Plan (STP) for Dhaka, Final Report 2006. Dhaka Transport Coordination 
Board, Government of the People’s Republic of Bangladesh.  
Sultana, M. (2010). Dhaka City Traffic Jam and Planned Solutions. The Financial Express Newspaper, 
December 14 2010 issue, Dhaka, Bangladesh. Accessed May 25 2013. http://www.thefinancialexpress-
bd.com/more.php?news_id=119912&date=2010-12-14 
US EPA. (2007). Mobile Source Emissions: Pollutants. US Environment Protection Agency. Accessed July 23, 
2011. http://www.epa.gov/otaq/invntory/overview/pollutants/index.htm 
Wadud, Z., & Khan, T. (2011). CNG Conversion of Motor Vehicles in Dhaka: Valuation of Co-benefits. 
Transport Research Board 90th annual meeting 2011, Washington DC, January 23-27. http://docs.trb.org/prp/11-
2764.pdf  
 
The IISTE is a pioneer in the Open-Access hosting service and academic event 
management.  The aim of the firm is Accelerating Global Knowledge Sharing. 
 
More information about the firm can be found on the homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
There are more than 30 peer-reviewed academic journals hosted under the hosting 
platform.   
Prospective authors of journals can find the submission instruction on the 
following page: http://www.iiste.org/journals/  All the journals articles are available 
online to the readers all over the world without financial, legal, or technical barriers 
other than those inseparable from gaining access to the internet itself.  Paper version 
of the journals is also available upon request of readers and authors.  
 
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische 
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 
Library , NewJour, Google Scholar 
 
 
